Resonance energy transfer study of membrane-bound aggregates of the sarcoplasmic reticulum calcium ATPase.
The aggregation of the membrane-bound calcium ATPase from sarcoplasmic reticulum has been studied by resonance energy transfer. The temperature dependence of resonance energy transfer from a fluorescent membrane lipid donor to an acceptor covalently linked to the Ca2+ ATPase was observed for the native sarcoplasmic reticulum vesicles and for purified protein reconstituted into phospholipid vesicles. The efficiency of energy transfer in these systems increases as the size of protein aggregates decrease. This is due to the increased exposure of the protein in the lipid domain that results in the shortening of distances between donors and acceptors. The degree of aggregation was observed to decrease with increasing temperature. Aggregates rea h a limiting size at low temperature (5 degrees C) but not a high temperatures (45 degrees C). For the reconstituted system, the aggregate size showed a continuous, smooth decrease with increasing temperature. Sarcoplasmic reticulum vesicles showed a decrease in aggregation except for a region from 20 to 30 degrees C in which no change occurred. Arrhenius plots of the calcium transport activities for both systems do not reflect these differences, but instead show similar discontinuities and activation energies. A theoretical model is used to analyze the resonance energy transfer results for the reconstituted vesicles. The average radius of the ATPase aggregate is obtained from this analysis. The limiting, low temperature value of the aggregate radius is consistent with the formation of a tetramer. This structure breaks down to smaller, functional units at higher temperatures.